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THE ELECTRIFICATION OF THE NEW YORK 

CENTRAL'S TERMINAL LI NES. 

IN the history of all improvements in the arts and 
sciences we would have to search long to find a case 
where such an important forward step was taken as 

The change which is being made will include some 
thirty-four miles of the main line to Croton on the 
Hudson River; twenty-four miles of two-track road, 
known as the Harlem Division, extending from the 
terminus to White Plains; and the whole of the great 
station and terminal yard, which is now in the course 

EXTERIOR Olt' YONKERS POWER STATION. 

in the case of the sweeping change from steam to elec
tric traction which is taking place on the New York 
CEntral Railroad over its terminal lines in New York 
city. It is true that this step is only one of many by 
which electric traction has grown from the first crude 
attempts to its present splendid achievements. But 
the significance of the New York Central improvement 
lies in the fact that the practical application of the 
art will here receive an impetus, will take a forward 
step, greater perhaps than any single advance that has 
been made in the course of its whole history. From 
the running of comparatively light street cars at mod
er:u;e speeds of from 10 to 15 miles an hour, to the 
handling of heavy express trains weighing from 300 to 
900 tons at speeds of from 40 to 60 miles an hour, is a 
far cry; and the New York Central Company is to be 
congratulated on its foresight and courage in apply
ing electrical traction on a vast and sweeping scale. 

of construction at the site of the present Grand Central 
Station. 

In this article it is our intention to summarize the 
stupendous work of electrifying the terminal lines of 
the New York Central. 

GRAND CENTRAL STATION AND TERMINAL. 

The' plans developed for the new Grand Central 
terminal have three salient characteristics: 1. A great 
increase of· size, enabling all the facilities essential 
to a terminal to be much enlarged. 2. The provision 
of two tiers of tracks in the station and yard, one tier 
for through trains and the other for suburban trains. 
3. The use of terminal loop tracks on the suburban 
tier, to facilitate loading and unloading and to reduce 
the terminal wait of the trains. 

The new station yards will commence at Fifty-sev
enth Street, where the tunnel has been excavatQd out 

GRAND CENTRAL STATION, .FORTY·FIFTH STREET ELEVATION. 

to the full width of Park Avenue-HO feet. In order 
to enable the turnouts to be made without interference 
from suppIJrting columns, a massive steel truss has 
been erected at this point for carrying the roof of the 
tunnel. Provision against accident at these turnouts 
is further secured by imbedding the lower half of the 
columns in continuous concrete walls. It is expected 
1:bat if a derailment should at any time occur, these 
walls will serve as a shield to protect the columns, and 
also to prevent the telescoping or serious wrecking of 
the cars. The 140-foot excavation will provide width for 
ten parallel tracks, which will be continued down to 
Fiftieth Street, where they will open out �nto the main 
yard, and occupy the space from Lexington Avenue 
to a line 100 feet east from Madison Avenue to Forty
third Street, and thence to Forty·second Street the 
station ground will be bounded by Vanderbilt Avenue 
on the west and for a shorter distance by Depew Place 
on the east. After the station yard has been completed, 
all the cross streets from Fifty-seventh Street to the 
north face of the terminal station will be restored, and 
a driveway will be formed on each side of Park Ave
nue. From these streets and driveways it will be pos
sible to look down upon the upper deck of the terminal 
yard. Ultimately, however, it is likely that the blocks 
bounded by these streets will be covered by buildings, 
thus entirely shutting in the station yard. Provision 
for the footings of these buildings will be made during 
th€ construction of the terminal. 

The tracks of the main or upper yard begin to drop 
at FiftY'seventh Street, until they reach a level 15 feet 
below the grade of the present tracks. This level is 
continuous over the whole of the yard and through 
the terminal building. At Fifty·third Street the two 
outermost of the ten tracks begin to drop on a two per 
cent grad'll to the level of the lower deck, which will 
be 40 feet below street grade. The excavation for the 
lower level for suburban trains will not extend over 
the full width of the yard throughout its entire length. 
This level will be provided in the station with fifteen 
parallel tracks, and in the station yard with twenty
eight tracks. The lower deck excavation will be carried 
for its full width as far north as Forty·eighth Street, 
whence it will narrow gradually to tbe point where it 
meets the two outermost suburban inclines, that lead 
up to the common level in the tunnel. 

The method of carrying on the work in a manner 
not to interfere with existing traffic consists in first 
establishing a te�porary station on the easterly side 
of the yard, which is already excavated, equipping the 
first floor of the Grand Central Palace as a waiting 
room. The suburban traffic will first be moved to this 
temporary station, thus vacating the easterly half of 
the present yard for construction work. When this 
portion is excavated, the express service, which up to 
this time will be handled in the westerly side of the 
present yard, will be moved to the new level, thus 
vacating the remllinder of the present yard so that the 
excavation can be completed and the new station 
built. The lower level construction will be carried 
on conjointly with that of the' main yard, or at 
least as far as it is possible to do so. The excava· 
tion is being done chiefly by steam shovel. The rna· 
terial is loaded directly on to flat cars, and is taken 
out through the tunnel, and used chiefly in widening 
the embankment of the New York Central roadberl 
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sufficiently to provide for a fourth track from New 
York to Croton, a distance of 34 miles. There is also 
sufficient material for adding, if desired, a fifth or sixth 
track roadbed, while a large amount of the material 
has been used for filling in fifty or sixty acres of land 
befonging to the company at Highbridge marshes, 

ground which will be very serviceable for storage pur
poses . . 

The new terminal covers, in addition to the space of 
the old terminal, about twenty acres of ground. The 
buildings on this ground, residences, stores, apartment 
houses, churches, and hospitals, to the number of 
nearly two hundred, have been removed, and excava
tion for the new terminal has been in progress since 
August, 1903. The work is necessarily slow, because 
the fuH amount of train movement must continue 
during the reconstruction. 

THE NEW GRAND CENTRAL STATION. 

The new Grand Central StaHon proper, together with 
the general offices of the company and the post office 

and express buildings, will cover the blocks lying 
between Vanderbilt and Lexington Avenues from Forty· 
fifth to Forty-thud Street, inclusive, and the block 
fronting on Forty-second Street between Vanderbilt 
A,enue and Depew Place. The main architectural 
features are governed strictly by the ground plan, the 

SECTH}N THROUGH THE YONKERS POWER STATION. 

dominant architectural elements being determined in 
every case by the structural engineering necessities 
of the station. The southerly fa!;ade will stretch for 
300 feet on Forty-second Street, and the westerly 
fa!;ade will reach for 680 feet on Vanderbilt Avenue. 
The building will extend 625 feet on Forty-fifth Street, 
400 feet

' 
on Lexington Avenue, 275 feet on Forty-fourth 

Street, and 260 feet on Depew Place. The southerly 
half of the building incloses the station proper, this 
portion extending as far north as the northerly side 
of the great arched roof, seen in the perspective view. 
'I'he northerly part of the building is given up to the 
offices of the company. 

The imposing main entrance to the station on Forty· 
second Street is composed architecturally of three 

massive arches, each 33 feet wide and 60 feet in 
height. On entering, the passenger will find himself 
in a vast ticket lobby, 90 feet in width by 300 feet in 
iellgth. In the center of this building will be a long, 
oval structure, containing the ticket offices. To the 
right of this, and forming part of the main lobby, will 

be the outgoing baggage room. On the opposite side 
of the lobby the passengers will leave the ticket lobby 
through three main arches, corresponding to the en
trance arches, and enter a broad gallery, which runs 
around three sides of the grand concourse. The ticket 
lobby and this gallery, it should be understood, are 
at street leveL From the gallery, passengers will de
scend by four broad staircases, each 25 feet in width, 
to the floor of the grand concourse, which, by the way, 
is considerably the largest of its kind in the world. 
Its width is 160 feet, its length 470 feet, and the 
height from the floor to the top of the domed roof 
h1 150 feet. The noble arched and domed roof of the 
concourse will extend entirely across the full width 

(Oontinued on page 25028.) 

Weight of electric locomotive, 95 tons. Weight on drivers, 59 tons. Tractive effort, 32.000 pounds. Horse-power, 3,000. 

THE NEW ELECTRIC LOCO MOTIVE FO R 'l'HE EXPRESS SERVICE OF THE NEW YOR K CENTRAL RAILROAD. 
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THE ELECTRIFICATION OF THE NEW YORK 
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of the station building, a distance of 300 feet, or from 
Vanderbilt Avenue to Depew Place; but the concourse 
flcor will be carried westerly under Vanderbilt Ave
nue for a dist1Lnce of ] 70 feet. Back of the concourse, 
and located under the ticket lobby, will be the main 
waiting room, which will have twice the area of the 
waiting room of the present station. Surrounding it 

_ will be several retiring rooms, telephone and tele
graph booths, and the various other conveniences of a 
modern station. Back of the waiting room will be a 
large restaurant, located beneath the broad approach 
to the station. Across the northerly end of the con
course will extend the customary line of gates ad
mitting to the express platforms. Beyond the gates 
will be located no less than thirty-four stub tracks, 
with broad platforms between them, the average width 
being about 16 feet, extra space being provided, in 
order to avoid the crowding which is such a trouble
seme feature under existing conditions. Of these 
thirty-four tracks, the westerly eight or ten will be 
reserved preferably for incoming trains, and the arriv
Ing passenger, on passing through the gates onto the 
concourse, will find himself opposite a large cab stand, 
and with conveniences right at hand for securing his 
tl'Unk and driving away with it with as little delay 
as possible. In addition to leaving directly by cab, 
he has the choice of four other means of exit from the 
station; for he may pass by a covered walk directly to 
the Subway, or by a 25-foot stairway to the concourse 
gallery and so into the main ticket lobby, or he can 
pass out to Madison Avenue and Forty-third Street by 
a covered subway, or crossing the concourse, he may 
leave by another covered subway to Lexington Avenue. 
It will be understood, of course, that the thirty-four 
tracks extend the full width of the concourse, the most 
easterly track abutting on Depew Place and the most 
westerly on Vanderbilt Avenue, and this, of course, 
necessitated some careful engineering work in sup
porting above these tracks the immense weight of the 
northerly half of the station building, containing the 
company's offices. Care has been taken to so arrange 
the supporting columns that none of them shall inter
fere with the passenger platforms. To recapitulate, 
It should be explained that the ticket lobby and the 
gallery are at street level, and the express tracks, the 
main concourse, the express waiting rooms, and the 
restaurant are at a level 15 feet lower than that of the 
street. 

The plans for the new station involved, as an 
absolute prerequisite to success, that the suburban 
travel should be entirely separated from the express; 
and it was considered that the best way to insure this 
was to place the suburban tracks below the express 
tracks and provide a suburban concourse, waiting 
rooms, and other conveniences on this lower level. 
Moreover, it was decided that, with a view to further 
separating the two classes of travel, separate entrances 
and exits should be provided, so that the suburban 
passengers could enter or leave the lower level from 
the street or the Subway without meeting the long
distance travel. Access to the suburban tracks and 
station is obtained by gradually depressing the two 
outside tracks in the entrance tunnel below Park Ave
nue until they reach the lower level. In the rush 
hours' the suburban trains will pass into the station 
and around a loop which will extend beneath the res
taUJ'ant on the express level, the trains passing out 
again without breaking bulk. Toward the close of 
the rush hours, alternate trains will discharge their 
passengers from the series of seven stub tracks, which 
occupy the train space within the loop and in front of 
the suburban concourse. Trains will be stored here 
and in the station yard until the evening rush hour, 
when they will be switched out into service again. 
Provision, is made at the inner end of the loop fol' 
ccnnection direct to the tracks of the Rapid Transit 
Subway below Fourth Avenue. 

The suburban station is provided with a broad con
course and with the necessary waiting room and other. 
conveniences, all arranged on the lower level, and with 
separate exits both to the Subway and to the street, 
This station is, to all intents and purposes, absolutely 
independent of the express station above; although 
provision is made by means of staircases for corn· 
munication direct from the ticket lobby and the main 
concourse to the suburban station. 

MOTIVE POWER AND ROLLING STOCK. 

Corresponding to the two classes of service, two radi
cally distinct forms of motive power are needed for 
operation. For hauling fast and heavy through trains 
electric locomotives of great weight and high speed 
are required; for suburban service the rolling stock 
need not be essentially different from that developed 
on multiple-unit urban rapid transit railways. The 
motor cars which have been designed for the latter 
service show, in fact, close similarity to the type of 
equipment used in the New York Subway and (more 
recently) on the newly equipped electric lines of the 
Long Island Railroad. The locomotives, on the other 
hand, represent a wholly new design, the product of 
thorough study by the American Locomotive Company 
and the General Electric Company, both of Schenec
tady. They are of unprecedented power, have shown 
satisfactory performance on running test, and promise 
satisfaction as regards maintenance and durability. 

The locomotive is of 2-8-2 type and weighs 95 tons 
jn working order. It carries four motors of Dovel con-

struction, one on each driving axle, giving a total 
rated power of 2,200 horse-power, or about 3,000 horse
power maximum. The armatures are mounted directly 
on the axles, and the field magnets are integral with 
the locomotive frame. Each motor has two field poles, 
in the horizontal plane; the pole faces are vertical 
planes, instead of being concave, as usually. This 
permits considerable vertical play of the magnets with 
respect to the armature, which fact is taken advantage 
of, to decrease the weight carried directly on the axle 
(without springs), by mounting the magnet frame on 
springs. The motors have ordinary series winding, 
and are arranged to be connected either all four in 
series, or two in parallel and the two sets in series, or 
all four motors in parallel. The motor circuits are 
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the main frame by a radius arm, and, as the driving 
wloleel base is only 13 feet, the locomotive is very fiex
Ible laterally. 
DIMENSIONS OF NEW YORK CEKTRAL ELECTRIC LOCOMOTIVE. 

General. 
Class of traffic ........... .-.......... Fast passenger 
Gage, standard ..................... 4 ft. 81hin. 
Total length over buffer platforms... 37 ft. 
Extreme width ..................... 10 ft. 
Height of top of cab . . . . . . .  . . . . .  . . . . •  14 ft. 4 in. 

Running Gear. 
Driving wheels, 8, diameter ... . . . . . .. 44 in. 
Truck wheels, 2 front, 2 rear, diameter 36 in. 
Trucks ............................. Swing center. 
Diameter of driving axles . . . . . . . . . . . . 81h in. 

,.,-' ... ... . 

Maximum current .................. 4,300 amp. 
Normal drawbar pull ................ 20,400 lb. 
Maximum starting drawbar pull. . . . .. 32,000 lb. 
Speed with 500-ton train, on leveL... 60 m. per hr. 
Control: Sprague-General Electric multiple-unit, 

with automatic current-limiting lock in the master 
controller. Series-parallel, from four motors in 
series to four in parallel. 

The locomotive was designed to enable an accelera· 
tion of 0.5 to 1.0 mile per hour per second to be 
obtained with trains up to 800 tons, and to give a maxi
mum speed of 60 miles per hour with a 500-ton train. 
In actual test on a four-mile track near Schenectady 
the results in both speed and acceleration were, it is 
reported, wholly satisfactory. 

The principal dimensions are as follows: 
Length over all ...................... . 
Length of car body between vestibules .. 
'Wldth over all ...................... . 
Width over sheathing and platform fioor 
Height from top of rail to top of roof .. 
Total wheel base ................... . 
Wheel base of motor trucks ........... . 
Wheel base of trailer trucks .......... . 
Diameter of motor truck wheels ...... . 

60 ft. 
50 ft. 
10 ft. 

9 ft. 
13 ft. 
45 ft. 

7 ft. 
6 ft. 

2% In. 
8% in. 
91h in. 

36 in. 
Diameter of trailer truck wheels. .. .. . . 33 in. 
Seating capacity ..................... 64 passengers 

The weight of car body, in both motor cars and 
trailers, is 53,000 pounds, without electrical equipment. 
The light weight of the motor car is 102,600 pounds, 
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handled by an individual switch system, with master 
controller, the regular Sprague-General Electric multi
ple-unit system. The switches or contactors are ar
ranged along the central corridor of the cab. This sys
tem permits two locomotives to double-head, and puts 
both under fun control from one cab. 

Current is collected by four third-rail shoes on either 
side, or by two overhead contacts fitted on a linked 
diamond frame for raising and lowering; both thlrd
rail shoes and overhead contacts are actuated by air. 
Automatic airbrakes, pneumatic sander, whistle, and 
bell-ringer are fitted. Air is furnished by a twin 
compressor driven by two motors, the capacity being 
7 5  cubic feet free air per minute, at a reservoir pres· 
sure of 130 pounds per square inch. 

The two-wheel truck at either end is connected to 
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Wheel Base. 

Driving ............................ 13 ft. 
Total .............................. 27 ft. 

Weight. 

On driving wheels .................. 138,000 lb. 
On truck wheels.................... 52,000 lb. 
Total, in working order ............. 190,000 lb. 

Power. 

Supply, direct current .. . . . . . . . . . . . .. 600 volts. 
Conductors ................. Overhead and third-rail 

Motors, four G. E.-84-A. each 550 
H.P. rated ....................... 2,200 H_P. 

Maximum power of locomotive . ...... 3,000 H.P. 
Normal full-load current.......... .. . 3,050 amp. 

The type of car developed for the suburban service 
is exhibited in general form.' The car is of all-steel 
construction, and will seat sixty-four persons. It is 
equipped with two motors, is lighted and heated elec
trically, and in summer is ventilated and cooled by 
electric fans. These cars will be operated in trains 
made up of motor and trailer cars, equipped through
out with Sprague-General Electric multiple-unit con
trol. The motor cars and trailers are alike except for 
the motors, mot.or trucks, control apparat.us, and air 
compressors. 

The frames and bodies of these cars are made of 
structural-steel and pressed-steel shapes, the window 
and door casings and frames and the moldings are of 
pressed steel, and the fittings of metal or fireproof 
materiaL. 
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and of the trailers, 78,600; the weight per passenger 
bE-ing ],603 pounds and ],228 pounds, respectively. The 
weight of the usual 60-foot wooden coaches used in 
steam service is about 61,800 pounds, or 965 pounds 
per passenger. 

On account of eliminating the weight of the steam 
locomotive, however, the total weight of train for a 
given number of passengers is less for the electric train 
than for the stearn train; the comparison for a six-car 
train shows a total weight of 310.6 tons (electric) 
against 350 tons (steam), or, respectively, 1,618 pounds 
and 1,823 pounds per seated passenger. 

Each motor car has one truck equipped with motors, 
and one idle truck. The weight per axle, loaded, on 
the motor truck is 32,390 pounds; on the trailer truck 
of motor cars, 23,300 pounds; on the trailer cars the 
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weight per axle, loaded, is 21,890 pounds. There are 
twp 200-horse-power General Electric No. 69-c motors 
on the motor truck of each car. They will give an 
acceleration of 11,4 miles per hour per second, and a 
speed of 52 miles per hour. 

The center sills of the car fiooring consist of two 
8-inch I-beams, each continuous between platform and 
sills. The side sills are formed by the sides of the 
car, which are built up as plate girders, with the 
steel sheathing plates forming the web, a continuous 
6 x 6 x 1h-inch angle the bottom fiange, and a contin
uous special bulb section at the belt rail the top fiange. 
The side posts extend in one piece from sill to plate. 
Three special cross bearers, extending from side to 
side of car under the sills and spaced between the body 
bolsters, act as fioor supports and transfer load to the 
sides of the car, thus avoiding defiection of the ceilter 
sills. By this arrangement the center sills are kept in 
alinement and retain their full value as compression 
members under buffing stresses. The end sills consist 
of steel channels. The ends of the car body and the 
vestibule are built up of rolled and pressed-steel shapes 
and steel plates, the bulkhead being designed so as to 
form a pocket for the sliding doors at the ends of the 
car. An anti-tele"coping steel plate is secured under 
the center sills and platform end sills. The buffer 
beam is made up of white oak faced with steel plate. 

Floor supports consist of steel angles set longitudi
nally, supported by the cross bearers. The fiooring is 
made up of galvanized Keystone section sheet steel 
laid transversely and covered with cement fiooring. 
This Is protected with maple fioor strips. 

The car lines consist of steel angles in one continuous 
length from ,side plate to side plate, forming the con
tour of the lower and upper decks. The ventilator 
frames are of pressed steel, forming a water-tight hous
ing for the upper

' 
deck sash. The lower deck eaves 

molding is a metal shape designed so as to form a 
drip. The upper deck eaves molding is a steel angle 
with wood molding attached to take the canvas roof
ing. The roof is formed of fireproof composite board, 
secured to furring strips fastened to car lines and pur
lins, the composite board being covered with heavy 
cotton duck. The furring is all fireproofed ash. 

The cars are fitted with both Pintsch gas and elec
tric light, the former being necessary on account of 
the cars being used in combined st.eam and electric 
service before the completion of the entire electric 
work. 

POWER STATIONS. 

The current for operation in the electric zone of the 
New York Central and Hudson River Railroad will be 
generated at two power stations, one at Yonkers, on 
the Hudson Division, and the other at Port Morris, on 
the Harlem Division, the two stations being cross-con
nected and each having an ultimate capacity of 30,000 
kilowatts, which is sufficient to carry the entire load 
of a _train service much greater than that now oper
ated by stearn. 

The main buildings, which inclose the boiler rooms, 
coal bunkers, and the generating rooms, are 167 feet 
wide, 237 feet long, and 105 feet high. The switch 
houses are separate buildings located about 40 feet 
distant from the main power stations. 

The design of these power stations gives economy 
in space for the current generated, the number of 
cubic feet per kilowatt capacity being 102. The num
ber of square feet of building per kilowatt is 1.49. 

Aside from the foundations, the two power stations 
are similar in design. The base and fioors are of con
crete, the framework of steel, all designed so as to 
give no inaccessible surfaces; the walls are brick and 
tile, and the roofs are of concrete roofing slabs covered 
with copper, with standing seam joints. There are 
2,800 tons of steel structure In each power station. 

In interior arrangement the power stations are 
divided by a brick wall into the turbine room, 69 feet 
x 231 feet 8 inches, which is open to the roof, and a 
boiler room 88 feet x 231 feet 8 inches, over which the 
coal bunkers of 3,500 tons capacity are placed. 

Coal . delivered at the power stations on cars is 
dumped from the cars into pockets, from which it is 
delivered by suspended-fiight scraper conveyors into 
the hoppers of crushers, where it is reduced to the 
proper size for handling with the mechanical stokers. 
From the crushers it passes into a pocket conveyor, 
which lifts it to the top of the building and delivers 
it to longitudinal conveyors of the s'Uspended-fiight 
scraper type, which dump it into the coal bunkers over 
the boiler room. From the bunkers it is delivered 
thrOugh vertica�down-spouts to mechanical stokers, 
operated by stearn. 

The coal·handling capacity is 80 tons per hour, and 
the ash-handling capacity is 25 tons per hour. The 
maximum coal consumption at the power stations will 
be about 220 tons per day. 

Aside from the hoist for unloading coal from boats, 
whIch is stearn-operated, the coal-handling apparatus 
is all driven by electric motors. The conveyors are 
driven by 220-volt three·phase induction motors, vary
ing in capacity from 7'\6 horse-power for the ash con
veyor to 40 horse-power for the coal crushers and 
conveyors. 

Each power station is designed to accommodate 
a battery of twenty-four Babcock & Wilcox water
tube bOilers, rated at 625 horse-power each, all lo
cated on one fioor and arranged twelve on each 
side of a central alley. Sixteen boilers will be 
installed for initial operation. The total heating sur
face of each boiler is 6,250 square feet and the grate 
surface is ]]2 square feet, giving a ratio of 55: 8. 
The boilers are designed for a normal working pres-
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sure of 185 pounds, and the steam will be superheated 
to 200 deg. F. over and above the temperature due 
to steam pressure. The superheaters in each boiler will 
contain 1,230 square feet of heating surface, and they 
are made up of 168 two-inch tubes, each 13 feet 
5 inches in length. Each section of the power station 
containing four boilers is equipped with one boiler feed 
pump of the duplex outside-packed piston type. The 
pumps are designed for hot water, and each pump has 
a capacity to supply eight boilers under full load con
ditions. The feed-water heaters are of the closed type 
corrugated-tube Wainwright counter-current design. 

Each power station is designed to accommodate 
six 5,000-kilowatt turbo-generators, four of which are 
being installed for initial operation. The turbines are 
of the Curtis five-dage vertical type. These machines 
ars about 15 feet in diameter at the base, and 35 filet 
high from the floor to the top of the generator. 

The turbine structure is mounted upon a cast-iron 
base, forming an exhaust chamber in which is provided 
the opening to the condenser and to free atmospheric 
exhaust. The shaft of the turbine is separated from 
that of the generator above, the connection between 
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the two being made by a coupling, so that the machine 
can be readily taken apart. 

The shaft is borne by a step bearing consisting of 
two cast-iron blocks between which water is used for 
lubrication under a pressure of 800 pounds per square 
inch, exerting a sufficient force to slightly raise the 
moving structure. 

The condensing apparatus is external to the turbines. 
The condensers are of the counter-current surface type, 
and each is directly connected to its turbine base, and 
contains about 17,000 square feet of cooling surface. 
They are guaranteed under full load to maintain a 
vacuum of 28 inches with cooling water at a tempera
ture of 70 deg. F. 30 inches barometer. 

As an evidence of the high efficiency expected of the 
condensing system, it may be stated that the manufac
turer has guaranteed that the temperature of con
densed steam measured in the condenser hot well will 
be within 1 deg. F. of that corresponding to the pres
sure measured in the condenser. All parts of the 

, machinery have oeen designed to operate smoothly and 
quietly under all loads up to 50 per cent above the 

normally rated capacity of the turbines. The intake 
and discharge circulating tunnels for the condensing 
system· are elliptic in shape, 7 feet 3% inches x 9 feet 
11 inches. 

The generators each have a capacity of 5,000 kilo
watts, and are wound for three-phase current of 25 
cycles and 11,000 volts pressure. The armatures are 
star-connected, and the neutrals are grounded through 
individual cast-iron grid resistances connected to a 
common ground bus, limiting the ground current to 
an amount sufficient to operate the line overload relays. 
The leads of the generators are brought down to the 
floor through brass pipes to the ducts leading to the 
high-tension switches, the arrangement being such that 
no high-tension conductors are exposed in the turbine 
room. 

The exciter system at each power station will consist 
of two 150-kilowatt turbo-generators and one 150-kilo
watt induction motor generator furnishing current at 
125 volts pressure; also one exciter storage battery 

Sub·Station No. Location. 

1 . . . .•• • .  '" .... .... Grand Central Termi· 
nal .......... . ... . 

2 .. . . • • • • • • • • • • . . ... �[ott Haven ... .... . 

3 .................... . King's Bridge ... . .  

Area of Main Floor. 

4796 6 square feet. 

3845.27 .: 3845 '?I 

the conductors will be carried in 3lh-inch steel pipes 
supported by brackets. 

Across the lfurlem River the conductors will be in a 
submarine cable laid in a dredged trench in the bed of 
the river, backfilled with gravel. 

At points where the lines change from overhead to 
underground construction, cable towers of attractive 
architectural design will inclose the connections, to
gether with lightning arresters and disconnecting 
switches. 

SUB-STATIONS. 

At the sub-stations the high-tension current is 
stepped down to direct current at 666 volts for delivery 
to the third rail. The main equipment of each sub
station consists of three rotary converters and their 
accompanying transformers and subsidiary apparatus. 
The arrangements provide for a future installation of 
five rotary converters. The relative locations and ca
pacity of the sub-staUons is shown in the following 
table: 

Miles from Grand Present Installation of Future Installation of 
Central Station. Rot. Con. Rot. Con. 

0.38 
5.47 Hudson Division. 
5.49 " .. 
9.44 

3 of 1,500 kilowatts 5 of 1,500 kilowatts 

5 of 1,500 
4 .. ............... . .  Yonkers . .. .... .. 8639.33 15.M 

} 3 of 1,500 
3 of 1,000 
3 of 1,000 
3 of 1,000 
3 01' 1,000 
3 of 1,000 
3 of 1,000 

5 of 1,000 
3 of 1,600 

5 ......... .. ...... . .  
6 ... ............ .. .. 
7 ..... ............. . 
8 . .. . . . . . .  . . 

Irvington . .......... . 
Ossining '" .. .. .. . . 
Bronx Park... . . 
Scarsda:e. ........... . 

3845.27 
3846 26 
3845.27 
3846.'?I 

22.11 

1
3t1.31 

9.30 
19.02 

consisting of 74 cells, type R-21, having a capacity of 
1,200 amperes for one hour, with spare space in the 
tanks for increasing the capacity to 1,800 amperes for 
one hour. Exciter generators and battery are con· 
nected to two independent positive buses and one com
mon negative bus. The battery has two end cells on 
the positive side. One positive bus serves for field ex
citation of the 5,000-kilowatt generators only, while 
the other serves for certain lights and motors in the 
station. 

TBANSMISSION LINES AND SUB·STATIONS. 

The current generated at the two main power sta
tions at Port Morris and Yonkers is transmitted as 

5 of 1,000 
Jj of 1,000 
5 of 1,000 
5 of 1,000 

Each sub-station is provided with a battery equip
ment described below, and pro'l'ision is made for any 
extensions that may be expected from increase of 
traffic. 

The foJIowing general principles were adopted in the 
design of the sub-stations: (1) The path of the energy 
to be as direct and as short as possible from the high
tension transmission lines to the D. C. feeders. (2) 
The wiring to be as little exposed as possible and yet 
readily accessible. (3) All machinery to be on the 
same floor as the operating boards. (4) The principal 
apparatus to be under the direct control of the opera
tor while standing at the operating boards. (5) All 

PI,AN, SIDE AND END ELEVATIONS, AND SECTION OF STEEL SUBURBAN MOTOR CAR. 
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three-phase, twenty-five cycle, 11,OOO-volt alternating 
current to eight sub-stations located as follows: Fif
tieth Street and Lexington Avenue, Grand Central 
Terminal, New York; Mott Haven, Kingsbridge, Yon
kers, Irvington, Ossining, Bronx Park, Scarsdale. 

The transmission lines are partly overhead and 
partly underground. 'fhe system is designed to give 
the greatest protection against interruptions of all 
kinds. Each sub-station may be fed from either power 
station, and the lines are so disposed that no ordinary 
accident could cut off a sub-station from its power 
supply . 

LINES • 

All overhead transmission lines are supported by lat
ticed steel poles set in concrete foundations. Conduc
tors will be of either 4/0 bare copper wire stranded 
cable or of aluminium stranded cable, spaced 36 inches 
apart on the cross arms. 

All overhead lines are protected by the latest form 
of lightning arresters, and details of the overhead con
struction have been considered so minutely that the 
success of the system is assured. 

Underground cables have three conductors of 4/0 
stranded copper with paper insulation and lead sheath
ipg. Duct lines are of vitrified tile covered with water
proofing and laid in concrete. The manholes placed at 
stated intervals on the lines are designed for arrange· 
ment of cables with regard to the best manner of 
handling and supporting them when they are instaJIed. 
Each cable lies on shelving of concrete supported on 
iron pins. These shelves can be removed when neces
sary, and are designed to facilitate the easy handling 
of cables as well as protection to sheathing and splic
ing. Manholes are roomy, and are laid out to permit 
the bending of cables in easy curves. Much ingenuity 
has been used in the construction of these underground 
lines and manhol3s, and many of the ideas developed 
are novel. 

Through the Park A venue tunnel and along the via
duct, and also through the Harlem Division depression, 
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apparatus and machinery to be so arranged that the 
effects of an accident will be confined to the place 
where it occurs. (6) The risk of accident to the oper
ator to be as slight as possible. (7) Stations to be 
fireproof. 

Two sub-stations are equipped with single-phase 
550-kilowatt transformers to supply the 1,500-kilowatt 
converters, whereas the sub-stations with 1,000-kilo
watt converters have 375-kilowatt transformers. These 
have a normal ratio of 11,000 to 460 volts, and are pro
vided with extra taps for varying the voltage accord
ing to the drop in the transmission lines, or according 
to the distribution of load among the sub-stations. 
They are of the air-cooled type with terminals under
neath. 

The air is supplied by two induction-motor-driven 
blowers, one of which suffices to supply the station. 

Are of the sextuple connection three-phase type, 
which combines the advantages of the ordinary three· 
phase and six-phase types. They convert the alter
nating current at 460 volts into direct current at 666 
volts. 

The electric storage battery equipment is believed to 
be the largest railway battery installation In the world. 
It not only takes care of load fluctuations, but it is 
sufficiently large to operate the entire system under 
normal conditions for a period of one hour, in case of 
failure of generating apparatus. Five of the batteries 
have an output each of 2,250 amperes for one hour, and 
the others give 3,000, 3,750, and 4,020 amperes re
spectively. 

The batteries are located in buildings adjoining the 
sub-stations, and are operated in connection with boost
ers and switching apparatus in the sub-station. 

The discharge is governed by a carbon regulator 
working in connection with exciters and boosteTs, the 
effect of which is to make the batteries discharge when 
there is heavy demand for current and to charge when 
the demand is light. 

The oattery houses are of the most modern construe-
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tion, and have acid-proof floors of vitrified brick . . The 
heating and ventilating systems are of the most ap
proved type, and are well protected against acid fumes. 

The converters may be started either from the direct
current or alternating-current side. In the latter case 
a gradual application of voltage is insured by taking 
current from several taps in the secondaries of the 
power transformers. Starting from the direct-current 
bus, the machine is started as a direct-current motor 
through a rheostat. When a speed above synchronism 
is reached, the direct circuits including the shunt field 
are opened, and the machine runs by its momentum 
only. The alternJ,ting current is then put on by clos
ing the oil switch, and the machine runs as a syn
chronous motor. It is then only necessary to close the 
shunt field circuit to put the machine in synchronism. 
These operations are made to follow each other rapidly, 
and are 'effected by the use of a special combination 
switch. 

The direct-current feeder system is designed to give 
a duplicate path for the current from the sub-station 
to the third rail. It is also designed so as to confine 
any trouble which may occur to one track only, thereby 
making any interruption of traffic as slight as possible. 
Switches are provided at the third rail to disconnect 
all feeders at that point in case of a ground between 
the rail and the station. A train length section of 
third rail is separately fed from the sub-station, and 

.is designed to prevent trains bridging between sections. 
All direct-current cables are installed in tile conduits 
close to the tracks, except the auxiliary feeders, which 
join the sub-station buses and supplement the conduc
tivity of the third rail. These are, in some localities, 
run overhead on the transmission poles. 

The four third rails and auxiliary feeders are joined 
together through circuit breaker� situated in small 
houses at intervals along the line, thereby increasing 
the effective conductivity. 

THIRD RAIL. 

An under-contact third rail will be used. The rail 
is of special bullhead section, 70 pounds to the yard, 
with high electrical conductivity. It is supported by 
cast-iron brackets bolted to -long ties spaced 11 feet 
centers. Insulators fit loosely over the top and web of 
the rail, thus allowing some vertical play. A clamp 
fits around the side and top oj; the insulator and is 
bolted to the bracket. The top and sides of the third 
rail will be covered with insulating material, to give 
thorough protection against accidental contact. 

The entire engineering work outlined is under the 
charge of Mr. W. J. Wilgus, vice-president, whose staff 
is organized in three divisions, concerned with elec
trification, construction, and architecture respectively. 
The electrification has been planned in its. general fea
tures by the Electric Traction Commission, of which 
Mr. Wilgus is chairman, Messrs. J. F. Deems, B. J. 
Arpold, and Frank J. Sprague are members, and Mr. 
Edwin B. Katte, the company's electrical engineer, is 
secretary. The details of the power plants described 
in this article have been worked out under Mr. Katte's 
direction. Messrs. Reed & Stem are the architects, the 
foundation having been designed in the engineering de
partment of the railroad company. 

RELATION OF WING SURFACE TO WEIGHT.* 
By R. VON LENDENFELD. 

SUCCESSIVE investigators, myself among them, have 
studied the comparative relation between the weight 
and the dimensions of flying animals, with special 
reference to the extent of wing surface. Some hun
dred species of bats, birds, and flying insects have been 
examined in this way, the results of these researches 
being given in the following table, in which the animals 
are arranged according to weight of body. 

Animal. 

Albatross (1)iometiiea exulans) . . . . •  . .  . . . 
Bustard (Otis taraal. . . . . . . . . . . . . .  . 
Sea Eagle (HaZiootWl albicil/a) • . . . . . • • • . .  

8tork (Uiconta alba) • . . . . . . . . . . . . . . . . . . . . . 

Flying Fox (PWropWl wulis) Pheasant ( PhosianWl colchicus) . . . . . . . . .  . 

Herring gull (Lams argentatu.) . . . . . . . . .  . 
Crow (OortlWl cnrniX) . . . . . . . . . . . . . . . . . . . .  . 
Partridge (Peraix cinerea) . . . " • • • • • • • . . .  

Dove, pigeon (Oolumba livia) . . . . . . . . .  . .  

Sparrow hawk (Falco tinnuncuIWl) . .  ' "  
Laughing gull (Larus riatbunaus) . . . . . .  . 
Thrush l'i'uraus pUnris) . . . . . . . . . . . . . . . . .  . 
SWIft (OJIPselus apus) . . . . . . . . . . . . .  . . . .  
Sparrow ( Pa.'!Ser domesticus) 
Swallow (Hirunao t"Wltwa) . . . . . . . . . . .  . .  . Titmouse ( Paru.. mo,ior) . . • .  , . . . . • • • • • .  

Small bat ( Vespertili • pipistreUus) . . . . . 

Snhinx moth (Sphinx ligustri .. . . . . . . . . .  
Flatbellied dragonfly rLibellula aepressal 
Bilmblebee ( BomlJus pratorum) . . . . . .  . . 
Swallow tailed butterfly (Papilio poaaliriusl 
Maiden dragonfly (Onlopterux virgo) . . . . .  . 
Oabbage billterfly (piens brassicoo) . . .  . 
Honeybee (Apis melli/ica) . . . . . . . . . . . . . . . . . 
House tly ( .1;1u8ca domcBtwa) . . . . . . . .  . . 

Gnat (Culex pipiens) . . . . . . . . . . . . . . . . . . .  . . 

Weight. 

Wing 
Surface 

to l  
Grm. 

Weight. 

Gr;;;�:-l S q.C� I:lq. Mm 
12,000 8,000 67 

9,600 5,93'1 62 
5,000 7,937 1tiO 
2,265 4,!i09 199 
1,380 1,630 118 
1.000 8PO 88 
1,035 2,880 230 

595 1.286 216 
320 336 IP5 
293 608 207 
260 680 �l 
197 662 336 
100 186 186 
3.3.5 144 430 
� 76 200 
18 llO 611 
14.5 62 427 

3.7 50 1,351 
1.!l'� 18.64 971 

.6 13.3 2,216 .44 '1.03 234 
.34 11.2 3,294 
.2 13.94 6,970 
.08 9.28 11,600 .074 .39 528 
.01 .18 1,801 
. 003 .3 10,000 

It is seen from the foregoing table that the relation 
of the extent of wing surface to the weight of body is 
not uniform, as might have been expected, but ex
ceedingly variable. For instance, to 1 gramme of 
weight the bustard has 62 millimeters' of wing sur
face, while the cabbage butterfly has 11,6.00. Careful 
observation shows, however, that in the main the var
iation of this ratio depends on the size of the animal, 
or, stated in general terms, the wings are relatively 

• Translated from Naturwissenschaftliche Wocbenschrift and puhlished 
in A.nnual Report of Smitbsonian Institlltion. 

larger the smal1eer and lighter the animal to which 
they belong. It is shown also that the variations from 
the general rule depend on the fact that thee mode of 
flight is different in different animals. Some flying 
creatures overcome weight by the rapid movemen.t of 
their wings; others, especially at the beginning of a 
stroke, take advantage of the internal atmospheric CUI'
rents, and use the enormous resistance of the air for 
their purpose. The first class, to which the sparrow 
and the honeybee belong, may be designated as flapping 
flyers, and the last class, of which the albatross and 
the sea eagles are examples, as sailing flyers. These 
extreme types of the so-called flapping- and sailing flyers 
are connected by an unbroken chain of flying creatures, 
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not all of which are so exclusively either flappers or 
sailers as the birds just named. 

As might be expected, the flapping flyers have ' com
paratively small wings, which move swiftly by the aid 
of powerful muscles, while the wings of the sailers are 
moved by weaker muscles and more slowly. If we tak€ 
these two classes into consideration separately, as in 
the following tables, it is clearly shown that the wing 
surfaoe increases with decreasing weight of body. 

FLAPPERS. 

Animal. 

Bustard . . . . . . . . . . . . . . . . .  . 
Pheasant . . . . . . . . . . . . . . . .  . 
Partridge . . . . . . . . . . . . . . .  . 
Sparrow . . . . . . . . . . . . . . . .  . 
Bumblebee . . . . . . . . . . . . . .  . 
Honeybee . . . . . . . . . . . . . . .  . 
House fly . . . . . . . . . . . . . . . .  . 
Gnat . . . . . . . . . . . . . . . . . . . .  . 

SAILERS. 

Animal. 

Albatross 
Sea eagle . . . . . . . . . . . . . . . .  . 
Stork . . . . . . . . . . . . . . . . . . .  . 
Silver gull . . . . . . . . . . . . . . .  . 
Sparrow hawk . . . . . . . . . . .  . 
Laughing gull . . . . . . . . . . .  . .  
Virgin dragon fly . . . . . . . . .  . 
Lemon butterfly . . . . . . . . . .  . 

Weight. 

Wing surface 
to 1 gramme 

Weight. 
Grms. 
9,600 
1,000 

320 
28 

0.44 
.0.074 
0,01 
0.003 

Mm' 
62 
82 

105 
200 
234 
528 

1,800 
10,000 

Weight. 

Wing-surface 
to 1 gramme 

Weight. 
Grms. 

12,000 
5,000 
2,265 
1,035 

260 
197 

0.2 
.0.183 

Mm' 
6 7  

160 
199 
230 
2(;1 
336 

6,970 
28,71.0 

Of this fact there can be no doubt, and the question 
arises why this is so. Miillenhoff and others who have 

comparing a,nimals of the same mode of flight. Thus 

V;MU·lhce 
the formula • ...,-- gives in the partridge 4.03, V weight 
in tlJ.€ sparrow 2.86, and in the bumblebee 1.33. 

If, however, such a constancy existed, which we see 
is not the case, the paradqx that lies in the relative in
crease of wing surface with decreasing weight of body 
would by no means be set aside; but in similarly form
ed. flying creatures it is not so essential that they shall 
be morphologically alike as that all shall perform the 
task of overcoming weight equally well, and thus be 
functionally the same. 

Thus it becomes a question of power to press down 
upon the air, and this power Glepends not only on their 
size, but upon the swiftness of their movement against 
the air and its r!lsistance. Hence, the flapping flyers, 
whose wings move in a small angle, have greater lift
ing power the longer their wings and the more strokes 
they make in a second. 

A sparrow has a, wing length of about 1.0 centimeters 
and makes about 12 wing strokes in a second; a bee 
with a wing length of approximately 6.3 · millimeters 
makes, as Marey has shown, about 190 strokes in a 
seoond, 6.3 Umes 190 about equaling 100 times 12. The 
slow wing movement used by the sailing birds when 
needed shows the same. The stork has a wing length 
of 68 centimeters and makes 1%, strokes in a second, 
and the laughing gull with a wing length of 39 centi
meters makes 3 %' strokes in the same time. In these 
instances also the results are not dissimilar. In gen
eral, one may therefore say that the movement of the 
wings against the air in many birds of the same mode 
of flight is of 8qual rapidity, this being true of the flap
ping flyers as well as the sailers. Although the smaller 
flyers have relatively larger wings than the greater, 
one can not for this reason assert that the movement of 
the wing surface against the air would be slower. 

In view Iilf the biological principle that organs are 
not greater than demanded by their function, we must 
conclude from the known facts that the smaller ani· 
mals need relatively larger wings to accomplish what 
the larger and heavier attain with their relatively 
smaller ones. The fact that a wing surface of 67 
millimeters' per gramme enables the albatross to 
sail, while the laughing gull requires 336 milli
meters' for the same purpose, and that the bustard 
gets along with 62, while the sparrow needs 200 and 
the fly 1,800 millimeters', can be explained only on the 
supposition that the resistance of the air against mov
ing wings is not direccly proportional to their size, but 
that in enlarging the wings the resisting power of the 
air against them increases in a greater ratio than their 
superficial dimensions. Knowing that the air requires 
an appreciable time to yield to the pressure of the 
moving wing, and that the larger the wing surface the 
greater the quantity of air displaced and the greater 
the resistance .of this compressed air to the subsequent 
wing strokes which must act upon it, it is evident that 
this conclusion is correct. 

There can therefore be no doubt that increasing size 
of body is aocompanied by a relative decrease of wing 
surface, and from this fact we are able to draw interest
ing conclusions as to the size of the wings a man would 
need to be able to fly. If we show the relation of the 
weight to the size of the wing by the means of co-ordi
nates, connecting the points thus gained by a curve, 
and then extend this curve as demanded by the rela
tive weight of the heaviest animal, we secure an ap
proximate illustration of the wing size which such 

·bodies would require. Since the muscular power of a 
human being would by no means suffice for flapping 
flight, it could only be a question of sailing flight in 
this case. I have therefore drawn a curve for sailing 
flyers on the principle above indicated, from which the 
following is deduced: 

70 kilogrammes, weight of body, would require 3 2  
millimeters' o f  wing surface per gramme. 

80 kilogrammes, weight of body, would require 31 
millimeters' of wing surface per gramme. 

S ECT ION TH RO UGH S PLICIN G  C HA.MBE R . 
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interested themselves in this inquiry have answered 
it from the morphological point of view. From the en
tirely correct principle deduced from the position of 
these investigators, that with increasing size the linear 
dimensions increase in the first, the magnitude in the 
second, and the weight in the third ratio, they conclude 
that the wing surface is not to be compared directly 
with the weight, but the square root of this surface 
with the cube root of the weight. In fact, however, the 
figures thus obtained show no constancy, even when 
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90 kilogrammes, weight of body, would require 30 
millimeters' of wing surface per gramme. 

100 kilogrammes, weight of body, would require 29.5 
millimeters' of wing surface per gramme. 

According to the foregoing, if the combined weight 
of the body and the mechanical flying apparatus 
amounts to 90 kilogrammes, in order to sail like an al
batross a man would require 90,000 times 30, or 2,700,-
000 millimeters' of wina surface; that is to say, two 
wings furnishing together 2.7 square meters of surface. 
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Fronta�e on 42d Street, 300 feet; on Vanderbilt Avenue, 680 feet. Height to cornice, 75 feet. 

THE NEW STATION AS IT WILL APPEAR' FROM THE CORNER OF FORTY-SECOND STREET AND VANDERBILT AVENUE. 

Restaurant. Ticket Lobby, 90 x 300 feet. Grand Concourse, 160 x 470 feet,1oo feet high. 
Suburban Loop. Waiting Rooms. Suburban Concourse. 

Warren & Wetmore and 
Reed & Stem, Architects. 

ExpreA8, 'I'racks. 
Su bur ban Tracks. 

LONGITUDINAL SECTION THROUGH THE NEW GRAND CENTRAL STATION, NEW YORK, SHOWING THE TWO TIERS01!' TRACKS. 
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